IntroductIon
Trypoxylon (Trypargilum) lactitarse has a very extensive geographical range, occurring from southern Canada to southern argentina (Coville, 1981) . Wasps of this species are solitary, building their nests in preexisting cavities. several aspects of their biology can be readily studied because they can be attracted to wooden blocks with holes drilled in their ends, commonly known as "trapnests" (beyer et al., 1987) .
several studies focused on the biology of species in the subgenus Trypargilum in brazil (Camillo et al., 1993; perez-maluf, 1993; Camillo et al., 1994; Camillo et al., 1995; assis & Camillo, 1997; morato & Campos (2000) ; Camillo & brescovit, 1999ab; aguiar, 2002; peruquetti & del lama, 2003) . these studies indicated that nest architecture is conserved within this group: females start the construction of their nest with a layer of mud, followed by the formation of a linear series of 6-8 cells, with mud partitions between them. Cells are provisioned with paralyzed spiders. in this subgenus, a male usually guards the nest while it is being provisioned by the female, chasing away ants, parasitic flies and cuckoo wasps and defending it against conspecific males (brockmann & grafen, 1989) .
according to brockmann & grafen (1989) , the size and perhaps the fecundity and life-span of adult wasps depends on the amount of food they consumed as larvae, given that these animals eat little as adults. Camillo & brescovit (1999b) studied the prey species collected by T. lactitarse and by T. rogenhoferi Camillo & brescovit (2000) in southeastern brazil. both wasps preyed on a large range of spider species (5 and 10 families, respectively) and araneid (orb-weaving) spiders were their most commonly used prey item.
although several authors have investigated aspects of the distribution, life-history, prey, nesting habit and parasites of T. lactitarse in brazil (perezmaluf, 1993; Camillo et al., 1993; Camillo et al., 1994; assis & Camillo, 1997; Camillo & brescovit, 1999ab) and in Costa rica (Coville, 1981) , nothing is known about this species in southern brazil. in this paper we present information obtained from trap-nests concerning the nesting biology of T. lactitarse in three different habitats in the south of brazil.
mAterIAls And metHods

Study area
this study was carried out in the parque municipal das araucárias in the municipality of guarapuava, state of paraná, southern brazil (25° 23' 36'' s -51° 27' 19'' W, 1,120 m above sea level). according to Koeppen's climatic classification, the region of guarapuava is characterized by a humid and superhumid mesothermic climate without a dry season. summers are mild, with an average temperature of 22 °C during the warmest months. frosts are common and often severe during the winter, having an average temperature in the coldest month around 12.0 °C.
Sampling program
Nests of T. lactitarse were obtained using trapnests of 0.7, 1.0, and 1.3 cm in diameter and 8.0 cm in length. each nest was placed 1.5 m above the ground and was inspected every two weeks. in each inspection, all occupied nests were immediately replaced with empty traps of the same diameter and then brought to the laboratory to investigate their contents. if eggs and/or larvae were present, the nest was closed back to allow the completion of the life-cycle and the emergence of the adults. spiders containing wasp eggs or recently hatched larvae were removed, weighed and placed back inside their cells of origin. recently emerged adults were carefully removed and weighed. the volume of the cells was estimated using a cylinder formula.
Collections were carried out over 3 years, which were divided into two periods, from april, 2000 to april, 2002 and from december, 2001 to december, 2003 . in the first period collections were concentrated in a very heterogeneous site which included araucaria forests, swamps and grasslands. in each habitat, 24 points were marked 2.5 m apart from one another along two perpendicular transects. two of these points were randomly chosen in each transect to harbor three 1 cm trapnests. in the second period, 2 areas were studied in the araucaria forest, swamps and grasslans, with 2 transects per area and 4 sampling stations per transect. one of these points was randomly chosen and the other 3 points were marked 15 m apart from one to another by systematic sampling. each sampling station had 12 trap nests, four of which had an opening diameter (0.7, 1.0 and 1.3 cm, respectively), for an overall total of 576 traps. the humidity and temperature of each habitat were measured with a digital thermohygrometer throughout both sampling periods.
Data analysis
mann-Whitney and Kruskal-Wallis nonparametric tests were used to test the null hypothesis relating nest architecture, cocoon morphology and premature development time. Variation in adult body mass was analyzed using an analysis of variance (aNoVa), followed by a posteriori comparisons using the tukey test whenever appropriate.
the sex ratio was calculated by the ratio between the number of females and number of males, and the chi-square test was used to check the extent by which the observed sex ratio deviated from the expected frequency (1 female:1 male).
results
Seasonality and nesting activity in different habitats
a total of 365 nests of T. lactitarse were collected in our study, 26 during the first and 339 during the second sampling period, respectively. Nests were more frequently found in the araucaria forest than in the grassland and swamp areas ( fig. 1) , the coolest and most humid habitat in the study site (figs. 2 and 3).
Nests were constructed more often during the summer (between december and march) in both sampling periods (figs. 4 and 5), following periods of high temperature ( fig. 2 ).
Nest architecture
T. lactitarse nested in all three types of trapnests and were most frequent in trap-nests with 1.0 cm in opening diameter (henceforth 1.0 cmtrap-nest, n = 167), followed by 0.7 cm trap-nests (n = 116) and were least frequent in 1.3 cm -trapnests (n = 56). all nests had similar architecture, regardless of the diameter of the trap-nest ( fig. 6 ).
the average nest length was 7.41 cm in the trap-nests with 0.7 cm in diameter, 7.33 cm in those with 1.0 cm and 6.81 cm in the trap-nests with 1.3 cm in diameter (table 1) . their medians were not significantly different (Kruskal-Wallis = 1.813; p = 0.404). the average number of cells per nest (vestibular cells + provisioned cells) was of 3.3, 4.0 and 3.6 for the nests with 0.7 cm, 1.0 cm and 1.3 cm in diameter, respectively. Nests with a 1.0 cm opening diameter had significantly more cells than other nests. the number of provisioned cells was significantly shorter in the 0.7 cm and 1.3 cm trap nests than in those with 1.0 cm in diameter (KruskalWallis = 32.217; p < 0.001; p (0.7 cm x 1.0 cm) < 0.001; p (0.7 cm x 1.3 cm) = 0.147; p (1.0 cm x 1.3 cm) = 0.047). the same did not happen with their lengths as 0.7 cm trap-nests had the largest lengths, followed by 1.0 cm and finally by 1.3 cm trap-nests (KruskalWallis = 204.318; p < 0.001; p (0.7 cm x 1.0 cm) < 0.001; p (0.7 cm x 1.3 cm) < 0.001; p (1.0 cm x 1.3 cm) = 0.002).
When vestibular cells were analyzed separately, their number ranged from 1 to 2 in all types of trap-nest. their average length was 1.54 cm, 1.14 cm and 1.26 cm for the trap-nests with 0.7 cm, 1.0 cm and 1.3 cm, respectively. their medians were not significantly different (KruskalWallis = 0.2343, p = 0.890). intercalar cells occurred just once in the whole research.
Nest construction usually began with a thin layer of mud in the bottom of the first provisioned cell. each cell was sealed by a mud partition that was rough and convex in the inner side and smooth and concave on the outer side. finally, there was a closure plug that was often thicker, but otherwise similar to other partitions, except when they had two partitions. the average thickness of closure plugs was 1.54 cm, 1.14 cm and 1.26 cm for the nests with 0.7 cm, 1.0 cm and 1.3 cm diameter, respectively.
Cell volume from nests with 0.7 cm was significantly smaller than those from 1.0 and 1.3 cm in diameter, both in female (Kruskall Wallis = 127.800; p = 0.004) and in male cells (Kruskall Wallis = 141.494; p < 0.001). male cell volumes were significantly smaller than female cells in 1.0 cm (mann-Whitney (♀1.0 cm x ♂1.0 cm) = 4,831.50; p < 0.000) and 1.3 cm (mann-Whitney (♀1.3 cm x ♂1.3 cm) = 248.000; p = 0.033) trap nests, but were similar in those with 0.7 cm (mann-Whitney (♀0.7 cm x ♂0.7 cm) = 154.000; p = 0.506). a two-way aNoVa comparing the weights of males and females which came from trap-nests of different diameters showed that females were significantly heavier than the males (f = 75.372; p < 0.001). individuals which came from trapnests of different diameters differed significantly in weight, regardless of their sex (f = 13.947; p < 0.001) (table 2). However, an a posteriori tukey test showed that this difference was only due to females, given that the male average weight did not differ among trap-nests, nor with females from trap-nests with 0.7 cm of diameter. female 1.3 cm trap-nests were significantly heavier than those from trap-nests with 1.0 cm and 0.7 cm of diameter. the interaction between these two factors (sex and trap-nests diameter) was also significant (f = 5.547; p = 0.004).
Cocoon structure two types of cocoon were observed in the present study (table 2) . the first type has a coarsely granular, light gray surface and a rounded anterior end, whereas in the second type the anterior end is rough, truncate and significantly expanded, with a diameter similar to that of the nest tube ( fig. 6) . regardless of the type of cocoon, they were brittle, dark brown, somewhat shiny, smooth and cylindrical, with a round posterior end.
the frequency of both types of cocoons were different between trap nests and 98 % of the cocoons in the 1.3 cm trap nest were of the first type. this proportion dropped to 68.4% in 1.0 cm trap nests and further to 12% in 0.7 trap-nests. both females (65.8%) and males (59.9%) emerged more frequently from cocoons of the first type.
the cocoon length was significantly shorter in males than in females (mann-Whitney ( = 1,463.500; p = 0.561). type 1 male cocoons were significantly wider in the diameter of their anterior end than type 1 female cocoons both in 1.0 cm trap-nests (mannWhitney = 869.000; p < 0.001) and in 1.3 cm trapnests (mann-Whitney = 368.000; p = 0.020). this measure was also significantly wider in type 2 female cocoons than in type 1 female cocoons from 1.0 cm trap-nests (mann-Whitney = 2,992.000; p < 0.001). However, there was no difference between type 1 cocoons from different trap-nests both in the case of females (mann-Whitney (♀1.0 cm x ♀1.3 cm) = 1,701.500; p = 0.426) and in males (mannWhitney (♂1.0 cm x ♂1.3 cm) = 264.500; p = 0.134).
Life-history and sex ratios
T. lactitarse had two types of life cycles: direct development (without diapause), and delayed development (with diapause during winter) (table 3). males from 0.7 cm trap nests developed in a shorter time than males from 1.0 and 1.3 cm trap nests in the case of delayed development (Kruskal-Wallis = 13.425; p = 0.003). males from 1.0 and 1.3 cm trap nests had similar developmental times (Kruskal-Wallis = 13.425; p = 0.305). developmental time was similar between females of different trap nests (mannWhitney = 1,858.500; p = 0.090), as well as between males and females from the same trap nest size (mann-Whitney (♀1.0 cm x ♂1.0 cm) : 2,204.00; p = 0.830, mann-Whitney( ♀1.3 cm x ♂1.3 cm ): 292.00; p = 0.905).
in the case of direct development, although the males developed in a shorter time than the females, the only significant difference occurred between females and males from 1.3 cm trap-nests (mann-Whitney (♀1.3 cm x ♂1.3 cm) = 98.500; p = 0.039; mann-Whitney (♀1.0 cm x ♂1.0 cm) = 843.500; p = 0.140; mann-Whitney (♀0.7 cm x ♂0.7 cm) = 81.000; p = 0.887). No difference in development time was detected between wasps of the same sex from different type of trap-nests (Kruskal-Wallis ♂♂ = 0.004; p = 0.998; Kruskal-Wallis ♀♀ = 0.320; p = 0.852).
Mortality and natural enemies
a total of 310 provisioned cells were found in 0.7 cm trap-nest, of which 191 (61.6%) resulted in the death of enclosed individuals. the most important mortality factor was the death of immature forms, which were observed in 144 cells (46.5%), possibly due to development failure in the egg (1.3), larva (34.2%) or pupa (6.8%) stage. No egg or larva was found in 13 cells (4.2%). parasitoids occurred in 42 cells (13.6%). Chrysididae (Hymenoptera) accounted for 5.5% of the cases, followed by sarcophagidae (diptera) (4.5%), dolichopodidae (diptera) (1.6%), ichneumonidae (Hymenoptera) (0.7%). four death cases occurred by unidentified parasitoids (1.3%). in five cases (1.6%), the adults died inside the nest as they emerged but apparently could not go through the mud partitions. in 1.0 cm trap-nests, 537 provisioned cells were found, of which 218 (40.6%) resulted in the death of enclosed individuals. dead immatures were observed in 155 cells (28.9%), probably due to development failure that occurred in the egg (1.3%), larva (19.6%) or pupa (4.4%) stage. No egg or larva was found in 19 cells (3.5%). fifty two cells (9.7%) were attacked by parasitoids. Chrysididae (Hymenoptera) accounted for 5.4% of the cases, followed by ichneumonidae (Hymenoptera) (2.4%), dolichopodidae (diptera) (1.7%) and sarcophagidae (diptera) (0.2%). in 11 cases (2.1%) the adults died inside the nest as they emerged but apparently could not go through the mud partitions. in 1.3 cm trap nests, 186 provisioned cells were found, of which 82 (44.1%) resulted in the death of enclosed individuals. dead immatures were observed in 42 cells (22.6%), probably due to development failure that occurred in the larva (14.5%) or pupa (3.8%) stage. No egg or larva was found in 8 cells (4.3%). thirty five cells (18.8%) were attacked by parasitoids. sarcophagidae (diptera) accounted for 6.5% of the cases, followed by dolichopodidae (diptera) (4.8%), Chrysididae (Hymenoptera) (4.3%) and ichneumonidae (Hymenoptera) (2.7%). in 5 cases (2.7%) the adults died inside the nest as they emerged, but apparently could not go through the mud partitions.
Collected prey
out of 1,353 identified spider prey, 1,313 (97.0%) belonged to the family araneidae. the most common prey species in this family were Eustala sp 1 (n = 181), followed by Eustala sp 2 (n = 137), Acacesia villalobosi (n = 72), Larinia t-notata (n = 39), Araneus corporosus (n = 34), Eustala sp 3 (n = 28), Eustala sp 4 (n = 20), Mangora sp 1 (n = 19), Wagneriana iguape (n = 10), Alpaida sp 1 (n = 8), Araneus blumenau (n = 8), Eustala sp 5 (n = 5), Wagneriana eupalaestris (n = 5), Ocrepeira galianoe (n = 5), Eustala sp 6 (n = 4), Alpaida grayi (n = 4), Alpaida sp 2 (n = 4), Araneus aff omnicolor (n = 3), Mangora sp 2 (n = 3), Alpaida scriba (n = 2), Bertrana rufostriata (n = 2), Araneus omicolor (n = 1), Eustala sp 7 (n = 1), Mangora sp 5 (n = 1), Alpaida veniliae (n = 1), Wagneriana negleta (n = 1), Wagneriana sp 1 (n = 1), Wagneriana janeiro (n = 1), Araneus aurantiifemuris (n = 1), Metazigia gregalis (n = 1), as well as 711 unidentified araneid juveniles.
the second more common family of spiders used as prey was anyphaenidae (n = 31 spiders). twenty three of them were in a juvenile stage and were not identified. Aysha gr brevimana 1 was the most common species (n = 6), followed by Aysha sp 3 (n = 1) and Aysha aff borgmeyeri (n = 1).
other spider families collected by T. lactitarse included tetragnathidae (Leucage sp (n = 1 juvenile), Chrysometa boraceia (n = 1) and an unidentified juvenile), oxyopidae (n = 1 unidentified juvenile), deinopidae (Deinops sp. (n= 1 juvenile), salticidae (n = 1 unidentified juvenile) and uloboridae (Miagrammopes sp 1 , n = 1 juvenile). dIscussIon as also observed by Camillo et al. (1993) and by assis & Camillo (1997) , nesting activity of T. lactitarse in guarapuava, was most common during the warm season and was interrupted by diapause in the winter.
although T. lactitarse did not occur exclusively in the araucaria forest, its preference for this habitat was clear. this result differs from what was found by perez-maluf (1993) where nesting was most frequent outside the forest than inside it. according to her, this result is associated with factors such as the abundance of natural nesting holes.
temperature, humidity and insolation may play an important role in determining the preference of a species for a given habitat. during the present study, araucaria forest had lower insolation, with lower air temperature and higher air humidity than the grassland and swamp areas. a preference of T. lactitarse for 1.0 cm trap nest openings was also found by Camillo et al. (1993 ), perez-maluf (1993 ) and assis & Camillo (1997 . in addition to the variation between species of Trypoxylon in the number of provisioned cells, more than one type of trap-nest can be used by the same species (assis & Camillo, 1997 (assis & Camillo, ). perezmaluf (1993 No difference in the number of vestibular cells was observed between trap nests in the present study, contrary to what was found by Coville (1981) . moreover, although a single intercalar cell was recorded in our study, it was commonly observed in T. lactitarse nests in southeast brazil by Camillo et al. (1993) and assis & Camillo (1997) .
as observed by Camillo et al. (1993) , females of T. lactitarse started their nests by building a mud layer in the bottom of the first cell. all the cell partitions were rough and convex on the inner side and smooth and concave on the outer side. the closure plug had the same characteristics and was constructed at the entrance of the tube or recessed from it and often consisted of two mud layers.
the observed difference between female and male cell volume and between individuals from the same sex, but from different types of trap-nests is not compatible with what was observed by Camillo et al. (1993) for T. lactitarse and by assis & Camillo (1997) for other wasp species. they found that, regardless of the type of trap-nest, the lengths of male and female cells were similar.
the cocoon types of T. lactitarse and their structure were similar to those described by perezmaluf (1993) and by assis & Camillo (1997) . in addition to the two types of cocoon found in our study, Camillo et al. (1993) and Camillo et al. (1994) found one third type with an intermediate shape between these two types.
apparently, there is not a sex positioning pattern within nests of Trypoxylon species. We observed that in T. lactitarse, the female and male positioning was indeed random. the same result was found by Coville (1981) for T. nitidium schulthessi. However, Camillo et al. (1993) observed that the males and females of T. lactitarse tended to emerge from inner and outer cells, respectively. the opposite sex distribution was found by assis & Camillo (1997) in other Trypoxylon species, with males emerging from outer cells and females from inner cells.
although the information in figs. 5 and 6 is not sufficient to test whether T. lactitarse is bivoltine, the investigation of its life-history showed that it actually has two generations per year. Camillo et al. (1994) observed that T. rogenhoferi had four generations per year in tropical and subtropical regions. our results, combined with the evidence above, supports the suggestion by Coville (1982) that wasps in temperate regions are usually univoltines or have a second partial generation, whereas in tropical and subtropical regions they are bivoltines or multivoltines. the explanation for the presence of more than a generation per year needs to consider environmental factors such as climatic conditions. air temperature is one of the most important factors modulating insect diapause (silveira Neto et al., 1976) . because guarapuava is located in a subtropical region and is considered one of the coldest cities in the state of parana, low air temperature during fall and winter could in fact be the main factor generating diapause in these wasps.
as also observed by seger (1983) in a few species of sphecidae, and by brockmann and grafen (1992) in T. politum, we found that T. lactitarse had two types of development. moreover, brockmann & grafen (1992) observed juvenile development time similar to our data.
the numerical sex ratio in our study was not significantly different from 1:1, contrary to what was observed by assis & Camillo (1997) , where the sex ratio in T. lactitarse was male-biased in all studied conditions. Variable sex allocation may evolve in response to a number of factors in species with overlapping generations such as the variation between the generation in diapause, population recruitment or mortality rates (seger, 1983; West & godfray, 1997) . mortality factors observed in our study were similar to those reported by other authors for T. lactitarse. perez-maluf (1993) observed a mortality rate of 51.5% in 225 cells. according to her, 58.7% of those deaths were probably caused by development failure and 41.3% resulted from attacks by parasitoids such as Chrysididae, sarcophagidae, ichneumonidae, Megaselia (phoridae) and Melittobia sp. (eulophidae). Camillo et al. (1993) observed that 31.8% of all T. lactitarse nest cells did not complete development to the adult stage, with 24.1% of them being parasitized and 7.7% containing dead juveniles.
according to genaro et al. (1989) , one of the most important factors in the study of sphecid nesting behavior is the record of captured prey species. Wasps of the same species may vary in their prey preferences because they hunt in different areas (Coville, 1987) . in guarapuava, T. lactitarse showed a strong preference for species of the araneidae family and Eustala was the most frequently collected item (52.9%). similar results were obtained by other authors (Coville, 1981; Camillo et al., 1993; Camillo & brescovit, 1999ab) . Camillo & brescovit (1999b) reported that, although T. lactitarse also preyed heavily on Eustala spp. in southeastern brazil, such a strong preference for spiders of this genus is uncommon among species of Trypoxylon (Trypargilum) and is restricted to T. lactitarse and T. politum (Cross et al., 1975) as well as T. monteverdae (brockmann, 1992) .
